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(57) ABSTRACT

A stereolithography apparatus includes a supporting frame
assembly, a tank supported on the supporting frame assem-
bly, a vertically moving module, and a build platform. The
tank has an anchored portion anchored to the supporting
frame assembly. The build platform is vertically moved
relative to the tank by the vertically moving module. After
a resin layer is solidified and adhered to the bottom of the
tank and the build platform, the tank is peeled away from the
resin layer starting from a portion of the resin layer adjacent
to the anchored portion and partially moves upward relative
to the supporting frame assembly around the anchored
portion when the build platform leaves the supporting frame
assembly. To further reduce the separation force between the
cured resin layer and the tank, the bottom of the tank is
covered with materials that are transparent, chemically resis-
tant, impact resistant or/and elastic.

20 Claims, 9 Drawing Sheets
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1
STEREOLITHOGRAPHY APPARATUS

RELATED APPLICATIONS

This application claims priority to U.S. provisional appli-
cation Ser. No. 61/870,668, filed on Aug. 27, 2013 and U.S.
provisional application Ser. No. 61/979,537, filed on Apr.
15, 2014, which are herein incorporated by references.

BACKGROUND

1. Technical Field

The present disclosure relates to three-dimensional object
printing, and more particularly, the present disclosure is
related to stereolithography for producing three-dimensional
objects by solidifying photon curable liquid resin.

2. Description of Related Art

Stereolithography technology produces three-dimen-
sional objects by stacking and adhering solid thin layers
formed by photon curable liquid resins. Two-dimensional
graphic layers are first generated by slicing the three-
dimensional computer model of the object to be printed.
These two-dimensional patterns are then projected to a
liquid resin, usually photosensitive monopolymers, with
light that has appropriate wavelength and enough doses to
initiate polymerization of the liquid resin. The first layer is
attached to a build platform and the rest are adhered to the
preceding layer to form a three dimensional solid object.

A conventional stereolithography machine disclosed by
Hull (U.S. Pat. No. 4,929,402) solidifies photon curable
liquid resins held in a tank by projecting light patterns from
the top of the tank. For this top-down configuration, the tank
must hold resin enough to fully submerge a completely
printed object. The resin surface is leveled after each layer
of exposure to ensure uniformity of each layer. Besides, the
resin surface does not stay at the same level throughout the
printing process, and vertical movement needs to be com-
pensated to maintain the same thickness for each printed
layer. Since the curing happens on the resin surface that
exposes to air, oxygen inhibition increases the time of resin
solidification.

Another conventional method disclosed by John (U.S.
Pat. No. 7,052,263), including a bottom-up configuration
such that light patterns are projected to a liquid resin through
the transparent flat bottom of a resin tank, is thus employed
to circumvent the above drawbacks and simplify the
machine structure. For this configuration, the resin tank
holds enough liquid resin for printing and the volume of the
tank is much reduced. A cured resin layer is sandwiched
between the bottom of the resin tank and the preceding layer
or build platform. Since the cured layer is not formed on top
of the liquid resin surface that exposed to air, the layer
uniformity and oxygen inhibition problems are absent and
there is no need to include a resin surface leveling device in
the machine. Each layer is separated from the bottom of the
tank and lifted to leave room for the next layer.

However, adhesion always exists between a cured layer
and the resin tank as a result of the van der Waals dipole
force, chemical bonding force and suction force. The mag-
nitude of the separation force, which is positively correlated
with the above forces and the size of solidified area, is one
of the most important limiting factors for high resolution
printing. To reduce the adhesion, chemically inert films or
coatings, such as Teflon or silicone, have been applied to the
bottom of resin tanks to prevent cured resin layer from
bonding to the tanks. However, even with this improvement,
the separation force is still too large to resolve fine prints.
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In order to preserve printed fine structure, especially when
the cured area is large, or the printed object is mechanically
weak, a peeling mechanism is adapted. Peeling a cured layer
off a resin tank distributes the adhesion force in a much
smaller area gradually rather than the whole cured area at a
time. The separation force is thus greatly reduced. Active
peeling action has been done by an actuator to tilt a
non-flexible resin tank downward. To facilitate peeling, the
bottom of the resin tank is normally coated with a layer of
elastic silicone. Even though silicone does not form chemi-
cal bonds with most of the materials, silicone is not immune
to attacks from more reactive resins under extensive UV and
heat exposure. Depending on the resin used, silicone can
become blurred, deformed, or form strong bonds with the
cured resin after a few thousand layers of printing.

SUMMARY

The disclosure provides a stereolithography apparatus
that overcomes the aforementioned major problems in exist-
ing arts. The stereolithography apparatus includes a support-
ing frame assembly, a tank, a vertically moving module, and
a leveling ball joint, a build platform, and a digital light
pattern generator. The tank is supported on the supporting
frame assembly. The tank has an anchored portion anchored
to the supporting frame assembly. The vertically moving
module is fixed on the supporting frame assembly. The
leveling ball joint is connected to the vertically moving
module. The build platform is connected to the leveling ball
joint and located over the tank, so as to be vertically moved
relative to the tank by the vertically moving module. The
digital light pattern generator is located under the tank. After
a resin layer is solidified and adhered to the bottom of the
tank and the build platform, the bottom of the tank starts
being peeled away from a portion of the resin layer adjacent
to the anchored portion. The tank partially moves upward
freely relative to the supporting frame assembly around the
anchored portion when the build platform moves away from
the supporting frame assembly.

In an embodiment of the disclosure, the supporting frame
assembly includes a supporting body. The tank includes a
transparent bottom plate and a wall structure. The transpar-
ent bottom plate is supported on the supporting body. The
wall structure is disposed on the transparent bottom plate
and configured to form an accommodating space to reserve
a resin liquid.

In an embodiment of the disclosure, the anchored portion
is an edge of the tank and is pivotally connected to the
supporting body, and the vertically moving module includes
a cantilever extending over the tank and connected to the
leveling ball joint.

In an embodiment of the disclosure, the wall structure has
a first side and a second side opposite to each other. The
anchored portion is connected to an edge of the transparent
bottom plate and extends outside the wall structure from the
first side. The supporting frame assembly further includes a
first retaining member and a second retaining member. The
first retaining member is connected to the supporting body
and located over the anchored portion. The second retaining
member is connected to the supporting body and located
adjacent to the second side. A distance between the first
retaining member and the second retaining member is
smaller than a distance between a distal end of the anchored
portion and the second side, so that the tank is capable of
rotating relative to the supporting body substantially around
the first retaining member.
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In an embodiment of the disclosure, the anchored portion
is connected to an edge of the transparent bottom plate and
extends outside the wall structure. The supporting frame
assembly further includes a pivotal member. The pivotal
member is pivotally connected to the supporting body and
connected to the anchored portion, so that the tank is capable
of rotating relative to the supporting body around a rotation
axis of the pivotal member.

In an embodiment of the disclosure, pivotal member
includes a rod and a bearing. The rod is fixed to the
supporting body. The bearing is pivotally connected to the
rod and connected to the anchored portion.

In an embodiment of the disclosure, the wall structure has
a first side and a second side opposite to each other. The
anchored portion is located on the wall structure and adja-
cent to the first side. The supporting frame assembly further
includes a pivotal member. The pivotal member is disposed
on the supporting body and pivotally connected to the
anchored portion, so that the tank is capable of rotating
relative to the supporting body around a rotation axis of the
pivotal member.

In an embodiment of the disclosure, the pivotal member
includes a bearing and a rod. The bearing is fixed to the
supporting body. The rod is pivotally connected to the
bearing and connected to the anchored portion.

In an embodiment of the disclosure, the anchored portion
is connected to an edge of the transparent bottom plate and
extends outside the wall structure. The supporting frame
assembly further includes a hinge. The hinge includes two
folding panels. The folding panels are pivotally connected to
each other and respectively connected to the supporting
body and the anchored portion, so that the tank is capable of
rotating relative to the supporting body around a rotation
axis of the hinge.

In an embodiment of the disclosure, the anchored portion
is located adjacent to a side of the wall structure portion. The
supporting frame assembly further includes a ball joint
connected between the supporting body and the anchored
portion, so that the tank is capable of rotating relative to the
supporting body around the ball joint.

In an embodiment of the disclosure, the supporting frame
assembly further includes two retaining members. The
retaining members are connected to the supporting body and
located adjacent to two opposite sides of the wall structure
for retaining horizontal rotations of the tank relative to the
supporting body.

In an embodiment of the disclosure, the transparent bot-
tom plate is made from a flexible transparent material, and
the anchored portion is located on the transparent bottom
plate.

In an embodiment of the disclosure, the anchored portion
is connected to an edge of the transparent bottom plate and
extends outside the wall structure. The supporting frame
assembly further includes a clamping member fixed to the
supporting body. The anchored portion is clamped between
the supporting body and the clamping member.

In an embodiment of the disclosure, the clamping member
includes a clamping body and a hook. An end of the
clamping body is connected to the supporting body. The
hook is connected to another end of the clamping body and
detachably hooked with an edge of the supporting body.

In an embodiment of the disclosure, the tank is further
made from a flexible material with elasticity, and the sup-
porting body is a transparent supporting plate.
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In an embodiment of the disclosure, the stereolithography
apparatus further includes a dynamometer disposed on the
supporting body and connected to the transparent bottom
plate.

In an embodiment of the disclosure, the tank further
includes a transparent elastic layer and a transparent low
surface energy protective film. The transparent elastic layer
is disposed on the transparent bottom plate in the accom-
modating space. The transparent low surface energy protec-
tive film is disposed on the transparent elastic layer.

In an embodiment of the disclosure, the tank further
includes a transparent film with high resistance to impact
and tearing, and the transparent film is disposed between the
transparent elastic layer and the transparent low surface
energy protective film.

In an embodiment of the disclosure, the material of the
transparent elastic layer comprises silicone, polyurethane, or
acrylic gel, and the material of the transparent low surface
energy protective film comprises fluropolymer, polyethyl-
ene, or polypropylene.

In an embodiment of the disclosure, the tank further
includes a transparent material with low surface energy that
is chemically resistant, impact resistant and also elastic, and
the material is disposed on the transparent bottom plate in
the accommodating space or is made into an accommodating
tank.

Accordingly, the stereolithography apparatus of the dis-
closure provides a passive self-peeling mechanism achieved
by anchoring the anchored portion of the tank to the sup-
porting frame assembly while allowing the tank to partially
move upward freely relative to the supporting frame assem-
bly around the anchored portion and thus eliminating the
need of an extra actuator for tilting the tank downwards.
Equipped with the above passive mechanism, the printer
structure is simplified with only one vertical actuator to lift
and lower the build platform. Moreover, the stereolithogra-
phy apparatus of the disclosure further provides the trans-
parent low surface energy protective film bonded on top of
the impact resistant film which is bonded on top of the
transparent elastic layer to protect the transparent elastic
layer. As a result, the stereolithography apparatus of the
disclosure is able to improve the print quality and speed,
simplify the printer structure, enhance the printer reliability,
and lower the printer cost.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:

FIG. 1 is an axonometric view of a stereolithography
apparatus according to an embodiment of the disclosure;

FIG. 2A is a side view of a self-peeling mechanism that
illustrates the position of a build platform relative to a tank
before a printing cycle according to an embodiment of the
disclosure;

FIG. 2B is a side view of the self-peeling mechanism that
illustrates the position of the build platform relative to the
tank right before full separation;

FIG. 2C is a side view of the tank in FIG. 2A according
to another embodiment of the disclosure;

FIG. 3A is an axonometric view of a supporting frame
assembly and the tank according to an embodiment of the
disclosure;

FIG. 3B is a side view of FIG. 3A before exposure;

FIG. 3C is another side view of FIG. 3A before full
separation;
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FIG. 4A is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 4B is a side view of FIG. 4A before full separation;

FIG. 5A is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 5B is a side view of FIG. 5A before full separation;

FIG. 6 is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 7 is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 8A is an axonometric view of a supporting frame
assembly and a tank according to another embodiment of the
disclosure;

FIG. 8B is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 8C is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure;

FIG. 8D is an axonometric view of a supporting frame
assembly and a tank according to another embodiment of the
disclosure;

FIG. 8E is an axonometric view of a supporting frame
assembly and the tank according to another embodiment of
the disclosure.

DETAILED DESCRIPTION

FIG. 1 is an axonometric view of a stereolithography
apparatus 1 according to an embodiment of the disclosure.
In the embodiment of the disclosure, the stereolithography
apparatus 1 includes a supporting frame assembly, a tank 2a,
a leveling ball joint 21, a build platform 3, a vertically
moving module 45, and a digital light pattern generator 23.
The supporting frame assembly includes a supporting body
6a. The tank 2a is supported on the supporting body 6a. The
tank 2a has an anchored portion 24a anchored to the
supporting body 6a. The vertically moving module 45 is
fixed on the supporting body 6a and connected to the build
platform 3 through the leveling ball joint 21. The digital light
pattern generator 23 is located under the tank 2a. In detail,
the vertically moving module 45 includes a cantilever 40
extending over the tank 2a, and the leveling ball joint 21 is
connected between the cantilever 40 and the build platform
3. The leveling ball joint 21 is able to provide a fast leveling
mechanism to the build platform 3.

The tank 2a includes a transparent bottom plate 20a and
a wall structure 22q. The transparent bottom plate 20a is
supported on the supporting body 6a. The wall structure 22a
is disposed on the transparent bottom plate 20a and config-
ured to form an accommodating space to reserve a liquid
resin 10 (shown in FIG. 2A and FIG. 2B). The transparent
bottom plate 20q is able to ensure the uniformity of cured
layers when sitting on the supporting body 6a. In detail, the
anchored portion 24q is an edge of the transparent bottom
plate 20a, and the anchored portion 24a is pivotally con-
nected to the supporting body 6a.

FIG. 2A is a side view of a self-peeling mechanism that
illustrates the position of the build platform 3 relative to the
tank 2a before a printing cycle according to an embodiment
of the disclosure. FIG. 2B is a side view of the self-peeling
mechanism that illustrates the position of the build platform
3 relative to the tank 2a right before full separation. In the
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embodiment before printing, the tank 2q is filled with the
liquid resin 10 that has a volume more than the volume of
the printed object for producing a three-dimensional solid
object. One layer printing cycle starts from lowering the
build platform 3 to one layer thickness above the transparent
bottom plate 20a by the vertically moving module 45. The
digital light pattern generator 23 is located under the sup-
porting body 6a for generating a curing light L to the
accommodating space of the tank 24 through the supporting
body 6a and the transparent bottom plate 20a. In practical
applications, the supporting body 6a has a window (not
shown) or is transparent, so as to be passed through by the
curing light L. After a resin layer 10q in FIG. 2B is solidified
by the curing light L and adhered to the transparent bottom
plate 20a and the build platform 3, the build platform 3 is
lifted by the vertically moving module 4b. The peeling or
separation starts from a portion of the resin layer 10a
adjacent to the anchored portion 24« during lifting the build
platform 3. Since the tank 2a can move upward freely
around the anchored portion 24a, adhesion force between
the tank 2a and the resin layer 10a lifts the unanchored
portion of the tank 2a. In effect, the anchor portion 24a peels
the tank 2a away from the cured resin layer 10a gradually
until the tank 2a is detached from the cured layer 10a. That
is, the tank 2a partially moves upward freely relative to the
supporting body 6a around the anchored portion 24a. Next,
the tank 2a drops back to the supporting body 6a after full
separation and waits for the next layer printing cycle.

When the cured resin layer 10a has a greater area, the
separation force also increases and the tank 2a is lifted
higher before dropping back to the supporting body 6a. The
lifted height H can be calibrated to measure the separation
force for the cured resin layer 10a. The measured force can
be used to predict the separation force for the next layer to
be printed. The prediction is then fed back to a computer
algorithm for adaptive lifting height and speed, such that a
shorter printing time can be achieved. As shown in FIG. 2B,
a sensor 14 (e.g., a dynamometer) installed on the supporting
body 6a underneath the transparent bottom plate 20a can
monitor separation force in real time and feed the measure-
ment back to a computer algorithm for adaptive lifting
height and speed. Equipped with the adaptive lifting mecha-
nism, printing process is faster and more reliable.

As shown in FIGS. 2A, 2B, and 2C, the separation force
can be further reduced by covering the transparent bottom
plate 20a with materials that are transparent, chemically
resistant, impact resistant and/or elastic. In FIG. 2A, a thin
transparent low surface energy protective film 8 is bonded
on top of an impact resistant film 9 which is bonded on top
of a transparent elastic layer 7 in the accommodating space
of'the tank 2a. The transparent low surface energy protective
film 8 is chemically resistant and does not stick to other
materials easily.

The chemically resistant transparent low surface energy
protective film 8, including but not limited to fluropolymers,
polyethylene or polypropylene, can be bonded to the impact
resistant film 9 or silicone with optically transparent trans-
ferring tape or liquid optically clear adhesive. The thickness
of the transparent low surface energy protective film 8
ranging from 25 to 125 micrometers is preferred to preserve
the elasticity of the underlying silicone. When the transpar-
ent elastic layer 7 is protected, the transparent elastic layer
7 is not restricted to just silicone, other clear elastic mate-
rials, including but not limited to polyurethane or acrylic gel,
can also provide similar elasticity without limitations
imposed by chemical resistance and toughness.
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The transparent low surface energy protective film 8 may
be stretched and deformed when experiencing higher sepa-
ration force. To extend the life time of the transparent low
surface energy protective film 8, the hardness of the under-
lying transparent elastic layer 7 can be increased up to Shore
A 90 by trading off some benefits from elasticity. An
alternative way to extend the life time of the transparent low
surface energy protective film 8 is to bond a transparent film
9 (as shown in FIGS. 2A and 2B) with high resistance to
impact and tearing between the transparent low surface
energy protective film 8 and the underlying transparent
elastic layer 7 using optically transparent transferring tape or
liquid optically clear adhesive.

FIG. 2C is a side view of the tank 2« in FIG. 2A according
to another embodiment of the disclosure. Alternatively, as
shown in FIG. 2C, an advanced transparent material 7a with
low surface energy that is chemically resistant, elastic and
impact resistant, such as clear fluroelastomer, can be dis-
posed on the transparent bottom plate 20q in the accommo-
dating space to achieve the same function provided by
combining the transparent elastic layer 7, the transparent
low surface energy protective film 8, and the transparent film
9 with high resistance to impact and tearing.

FIG. 3A is an axonometric view of a supporting frame
assembly and a tank 25 according to an embodiment of the
disclosure. FIG. 3B is a side view of FIG. 3A before
exposure. FIG. 3C is another side view of FIG. 3A before
full separation. In the embodiment of the disclosure, the tank
2b includes a transparent bottom plate 205 and a wall
structure 225. The wall structure 225 has a first side 2251
and a second side 2252 opposite to each other. An anchored
portion 244 is connected to an edge of the transparent
bottom plate 205 and extends outside the wall structure 226
from the first side 2261. The supporting frame assembly
includes a supporting body 65, a first retaining member 5a,
and a second retaining member 11. The first retaining
member Sa is connected to the supporting body 6a and
precisely located over the anchored portion 245 for blocking
upward motions of the anchored portion 2456. The second
retaining member 11 is connected to the supporting body 65
and located adjacent to the second side 2252. As shown in
FIGS. 3B and 3C, a distance between the first retaining
member 5a and the second retaining member 11 is smaller
than a distance between a distal end of the anchored portion
245 and the second side 2252, so that the tank 25 is capable
of rotating relative to the supporting body 654 substantially
around the first retaining member 5a, and the second retain-
ing member 11 is able to prevent the tank 26 from leaving
the first retaining member 5a. The first retaining member 5a
is a rod, but the disclosure is not limited in this regard. In
practical applications, the second retaining member 11 can
also be used as a quick release. Lowering the second
retaining member 11, the tank 26 can be quickly removed
from the supporting frame assembly by pulling the tank 25
away from the first retaining member 5a.

FIG. 4A is an axonometric view of a supporting frame
assembly and the tank 24 according to another embodiment
of the disclosure. FIG. 4B is a side view of FIG. 4A before
full separation. In the embodiment of the disclosure, the
anchored portion 244 is connected to an edge of the trans-
parent bottom plate 205 and extends outside the wall struc-
ture 22b. The supporting frame assembly includes a sup-
porting body 6¢ and a pivotal member including a rod 56 and
a bearing 12. The rod 556 is fixed to the supporting body 6c¢,
and the bearing 12 is pivotally connected to the rod 54 and
connected to the anchored portion 245, so that the tank 25
is capable of rotating relative to the supporting body 6c¢
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around a rotation axis of the rod 556. The anchored portion
24b is fastened to the bearing 12 with screws 18, but the
disclosure is not limited in this regard.

FIG. 5A is an axonometric view of a supporting frame
assembly and a tank 2¢ according to another embodiment of
the disclosure. FIG. 5B is a side view of FIG. 5A before full
separation. In the embodiment of the disclosure, the tank 2¢
includes a transparent bottom plate 20c¢ and a wall structure
22¢. The wall structure 22¢ has a first side 22¢1 and a second
side 22¢2 opposite to each other. An anchored portion 24c¢ is
located on the wall structure 22¢ and adjacent to the first side
22c¢1. In detail, the anchored portion 24c¢ is a through hole on
the wall structure 22¢ parallel to the first side 22¢1. The
supporting frame assembly includes a supporting body 6d
and a pivotal member including two bearings 154 and 155
and a rod 5c¢. The bearings 15a and 154 are fixed to the
supporting body 6d, and the rod 5c¢ is pivotally connected to
the bearings 15a and 156 and connected to the anchored
portion 24c¢, so that the tank 2¢ is capable of rotating relative
to the supporting body 64 around a rotation axis of the rod
5c. In practical applications, the bearings 15a and 156 can
slide outwards to allow quick release of the tank 2c.

FIG. 6 is an axonometric view of a supporting frame
assembly and the tank 25 according to another embodiment
of the disclosure. In the embodiment of the disclosure, the
anchored portion 245 is connected to an edge of the trans-
parent bottom plate 205 and extends outside the wall struc-
ture 22b. The supporting frame assembly includes a sup-
porting body 6e and a hinge 16. The hinge 16 includes two
folding panels pivotally connected to each other and respec-
tively connected to the supporting body 6e and the anchored
portion 245, so that the tank 25 is capable of rotating relative
to the supporting body 6e around a rotation axis of the hinge
16. In the embodiment, the hinge 16 is fastened to the
supporting body 6e and the anchored portion 245 with
screws 18, but the disclosure is not limited in this regard.

FIG. 7 is an axonometric view of a supporting frame
assembly and a tank 2d according to another embodiment of
the disclosure. In the embodiment of the disclosure, the tank
2d includes a transparent bottom plate 204 and a wall
structure 22d. An anchored portion 244 is located on the
transparent bottom plate 204 adjacent to a side of the wall
structure portion 22d. In detail, the anchored portion 244 is
located at a corner of the transparent bottom plate 204. The
supporting frame assembly includes a supporting body 6f
and a ball joint 17 connected between the supporting body
6/ and the anchored portion 24d, so that the tank 2d is
capable of rotating relative to the supporting body 6/ around
the ball joint 17. In some embodiments, the corner of the
tank 24 is strong enough to hold the separation force without
damaging the tank 2d.

To ensure the tank 24 is properly aligned under the build
platform 3 after the resin layer 10a is separated, the sup-
porting frame assembly further includes two retaining mem-
bers 13a and 135 connected to the supporting body 6/ and
located adjacent to two opposite sides of the wall structure
22d for retaining horizontal rotations of the tank 24 relative
to the supporting body 6f. The peeling starts from the
anchored portion 244 and extends along the diagonal of tank
2d. The average separation force for pivoting one corner of
tank 24 is smaller than that of pivoting one edge of tank 2d.
Alternatively, in another embodiment, the ball joint 17 can
be fixed on top of the wall structure 22d of one corner to
achieve the same effect.

FIG. 8A is an axonometric view of a supporting frame
assembly and a tank 2e according to another embodiment of
the disclosure. In the embodiment of the disclosure, the tank
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2e¢ includes a transparent bottom plate 20e¢ made from a
flexible transparent material and a wall structure 22¢, and an
anchored portion 24e is located on the transparent bottom
plate 20e. The supporting frame assembly includes a sup-
porting body 6g. The anchored portion 24e is fastened to the
supporting body 6g with screws 18 without rotations. To
maintain the flatness and uniformity of the cured resin layer
104, the transparent bottom plate 20e does not sag with the
weight of liquid resin 10 when the tank 2e lies flat on the
supporting body 6g. The transparent bottom plate 20e can be
made from transparent flexible glass, plastics, or elastomers.
The peeling action is achieved by bending the flexible tank
2¢ upward with or without the assistance of an elastic
peeling material, such as silicone, covering the transparent
bottom plate 20e. However, a low surface energy material
such as Teflon is used to prevent chemical bonding to the
transparent bottom plate 20e after curing. The gravity pulls
the tank 2e back to supporting body 6g and prevents fatigue
of the transparent bottom plate 20e. If the flexible transpar-
ent material has elasticity or is not strong enough to avoid
bending by the gravity, the transparent bottom plate 20e
must be supported with a flat transparent plate to avoid
sagging.

FIG. 8B is an axonometric view of a supporting frame
assembly and a tank 2f according to another embodiment of
the disclosure. In the embodiment of the disclosure, the tank
2f includes a transparent bottom plate 20f and a wall
structure 22f. An anchored portion 24/ is connected to an
edge of the transparent bottom plate 20f'and extends outside
the wall structure 22f. The supporting frame assembly
includes a supporting body 6/ and a clamping member 24
fixed to the supporting body 6/. The anchored portion 24f'is
clamped between the supporting body 6/ and the clamping
member 24. In the embodiment, the clamping member 24 is
a quick release bar fastened to the supporting body 6/ with
release screws 25, but the disclosure is not limited in this
regard.

FIG. 8C is an axonometric view of a supporting frame
assembly and the tank 2f according to another embodiment
of the disclosure. In the embodiment of the disclosure, the
supporting frame assembly further includes the supporting
body 6/ and a clamping member 26 fixed to the supporting
body 6/. The anchored portion 24f'is clamped between the
supporting body 6/ and the clamping member 26. In detail,
the clamping member 26 includes a clamping body 264 and
a hook 2654, an end of the clamping body 26a is connected
to the supporting body 6/, and the hook 265 is connected to
another end of the clamping body 26a and detachably
hooked with an edge of the supporting body 6%. As a result,
the clamping member 26 serves as a quick release clip.

FIG. 8D is an axonometric view of a supporting frame
assembly and a tank 2g according to another embodiment of
the disclosure. In the embodiment of the disclosure, the tank
2g includes a transparent bottom plate 20g and a wall
structure 22g. An anchored portion 24g is connected to an
edge of the transparent bottom plate 20g. The supporting
frame assembly includes a supporting body 6i and the
clamping member 24 fixed to the supporting body 6i. The
anchored portion 24g is clamped between the supporting
body 6i and the clamping member 24. In the embodiment,
the clamping member 24 is a quick release bar fastened to
the supporting body 6i with release screws 25, but the
disclosure is not limited in this regard. It should be pointed
out that the tank 2g of the embodiment is further made from
a flexible material with elasticity, and the supporting body 6/
is a transparent supporting plate for preventing the trans-
parent bottom plate 20g with elasticity from sagging.
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FIG. 8E is an axonometric view of a supporting frame
assembly and the tank 2g according to another embodiment
of the disclosure. In the embodiment of the disclosure, the
supporting frame assembly further includes the supporting
body 6/ and the clamping member 26 fixed to the supporting
body 6i. The anchored portion 24g is clamped between the
supporting body 6/ and the clamping member 26. In detail,
the clamping member 26 includes a clamping body 264 and
a hook 2654, an end of the clamping body 26a is connected
to the supporting body 6i, and the hook 265 is connected to
another end of the clamping body 26a and detachably
hooked with an edge of the supporting body 6i. As a result,
the clamping member 26 serves as a quick release clip. It
should be pointed out that the tank 2g of the embodiment is
further made from a flexible material with elasticity, and the
supporting body 6/ is a transparent supporting plate for
preventing the transparent bottom plate 20g with elasticity
from sagging.

According to the foregoing recitations of the embodi-
ments of the disclosure, it can be seen that the stereolithog-
raphy apparatus of the disclosure provides a passive self-
peeling mechanism achieved by anchoring the anchored
portion of the tank to the supporting frame assembly while
allowing the tank to partially move upward freely relative to
the supporting frame assembly around the anchored portion
and thus eliminating the need of an extra actuator for tilting
the tank downwards. Equipped with the above passive
mechanism, the printer structure is simplified with only one
vertical actuator to lift and lower the build platform. More-
over, the stereolithography apparatus of the disclosure fur-
ther provides the transparent low surface energy protective
film bonded on top of the impact resistant film which is
bonded on top of the transparent elastic layer to protect the
transparent elastic layer. As a result, the stereolithography
apparatus of the disclosure is able to improve the print
quality and speed, simplify the printer structure, enhance the
printer reliability, and lower the printer cost.

Although the present disclosure has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it is
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What is claimed is:

1. A stereolithography apparatus, comprising:

a supporting frame assembly;

a tank supported on the supporting frame assembly,
wherein the tank has an anchored portion anchored to
the supporting frame assembly;

a vertically moving module fixed on the supporting frame
assembly;

a build platform connected to the vertically moving
module and located over the tank, so as to vertically
moved relative to the tank by the vertically moving
module; and

a digital light pattern generator located under the tank,

wherein after a resin layer is solidified and adhered to the
bottom of the tank and the build platform, the bottom
of the tank is peeled from the resin layer from a portion
of the resin layer adjacent to the anchored portion and
partially moves upward freely relative to the supporting
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frame assembly around the anchored portion when the
build platform moves away from the supporting frame
assembly.

2. The stereolithography apparatus of claim 1, wherein the
supporting frame assembly comprises a supporting body,
and the tank comprises:

a transparent bottom supported on the supporting body;

and

a wall structure disposed on the transparent bottom and
configured to form an accommodating space to reserve
a resin liquid.

3. The stereolithography apparatus of claim 2, further
comprising a leveling ball joint connected to the vertically
moving module and the build platform, wherein the
anchored portion is an edge of the tank and is pivotally
connected to the supporting body, and the vertically moving
module includes a cantilever extending over the tank and
connected to the leveling ball joint.

4. The stereolithography apparatus of claim 2, wherein the
wall structure has a first side and a second side opposite to
each other, the anchored portion is connected to an edge of
the transparent bottom plate and extends outside the wall
structure from the first side, and the supporting frame
assembly further comprises:

a first retaining member connected to the supporting body

and located over the anchored portion; and

a second retaining member connected to the supporting
body and located adjacent to the second side, wherein
a distance between the first retaining member and the
second retaining member is smaller than a distance
between a distal end of the anchored portion and the
second side, so that the tank is capable of rotating
relative to the supporting body substantially around the
first retaining member.

5. The stereolithography apparatus of claim 2, wherein the
anchored portion is connected to an edge of the transparent
bottom plate and extends outside the wall structure, and the
supporting frame assembly further comprises:

a pivotal member pivotally connected to the supporting
body and the anchored portion, so that the tank is
capable of rotating relative to the supporting body
around a rotation axis of the pivotal member.

6. The stereolithography apparatus of claim 5, wherein the

pivotal member comprises:

a rod fixed to the supporting body; and

a bearing pivotally connected to the rod and the anchored
portion.

7. The stereolithography apparatus of claim 2, wherein the
wall structure has a first side and a second side opposite to
each other, the anchored portion is located on the wall
structure and adjacent to the first side, and the supporting
frame assembly further comprises:

a pivotal member disposed on the supporting body and
pivotally connected to the anchored portion, so that the
tank is capable of rotating relative to the supporting
body around a rotation axis of the pivotal member.

8. The stereolithography apparatus of claim 7, wherein the

pivotal member comprises:

a bearing fixed to the supporting body; and

a rod pivotally connected to the bearing and the anchored
portion.

9. The stereolithography apparatus of claim 2, wherein the
anchored portion is connected to an edge of the transparent
bottom plate and extends outside the wall structure, and the
supporting frame assembly further comprises:
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a hinge comprising two folding panels pivotally con-
nected to each other and respectively connected to the
supporting body and the anchored portion, so that the
tank is capable of rotating relative to the supporting
body around a rotation axis of the hinge.

10. The stereolithography apparatus of claim 2, wherein
the anchored portion is located adjacent to a side of the wall
structure portion, and the supporting frame assembly further
comprises:

a ball joint connected between the supporting body and
the anchored portion, so that the tank is capable of
rotating relative to the supporting body around the ball
joint.

11. The stereolithography apparatus of claim 10, wherein
the supporting frame assembly further comprises two retain-
ing members connected to the supporting body and located
adjacent to two opposite sides of the wall structure for
retaining horizontal rotations of the tank relative to the
supporting body.

12. The stereolithography apparatus of claim 2, wherein
the transparent bottom plate is made from a flexible trans-
parent material, and the anchored portion is located on the
transparent bottom plate.

13. The stereolithography apparatus of claim 12, wherein
the anchored portion is connected to an edge of the trans-
parent bottom plate and extends outside the wall structure,
and the supporting frame assembly further comprises:

a clamping member fixed to the supporting body, wherein
the anchored portion is clamped between the support-
ing body and the clamping member.

14. The stereolithography apparatus of claim 13, wherein

the clamping member comprises:

a clamping body, wherein an end of the clamping body is
connected to the supporting body; and

a hook connected to another end of the clamping body and
detachably hooked with an edge of the supporting body.

15. The stereolithography apparatus of claim 12, wherein
the tank is further made from a flexible material with
elasticity, and the supporting body is a transparent support-
ing plate.

16. The stereolithography apparatus of claim 2, further
comprising a dynamometer disposed on the supporting body
and connected to the transparent bottom plate.

17. The stereolithography apparatus of claim 2, wherein
the tank further comprises:

a transparent elastic layer disposed on the transparent

bottom plate in the accommodating space; and

a transparent low surface energy protective film disposed
on the transparent elastic layer.

18. The stereolithography apparatus of claim 17, wherein
the tank further comprises a transparent film with high
resistance to impact and tearing, and the transparent film is
disposed between the transparent elastic layer and the trans-
parent low surface energy protective film.

19. The stereolithography apparatus of claim 17, wherein
the material of the transparent elastic layer comprises sili-
cone, polyurethane, or acrylic gel, and the material of the
transparent low surface energy protective film comprises
fluropolymer, polyethylene, or polypropylene.

20. The stereolithography apparatus of claim 2, wherein
the tank further comprises a transparent material with low
surface energy that is chemically resistant, impact resistan-
tand elastic, and the transparent material is disposed on the
transparent bottom plate in the accommodating space or is
made into an accommodating tank.
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